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YUNZHEN CHEN, MD,* MARK V. SHERRID, MD, FACC, EDWARD M. DWYER, JR., MD, FACC
New York, New York
Two-dimensional echocardiography at rest was used to
analyze segmental wall motion abnormalities for de-
tecting coronary artery disease in patients with and with-
out a history of myocardial infarction. One hundred
twenty-five echocardiograms were analyzed in a ran-
domized, blinded fashion. They were obtained from 55
consecutive patients found to have significant coronary
artery disease at angiography, 59 consecutive normal
subjects and 11 patients with dilated cardiomyopathy.
The overall sensitivity of two-dimensional echocardi-
ography was relatively low at 67%. However, specificity
was 99%. The sensitivity was higher in patients with
past myocardial infarction than in those without myo-
cardial infarction (81 versus 42%), as expected. Echo-
cardiography can detect segmental wall motion abnor-
malities in some patients with coronary artery disease
and no overt prior myocardial infarction. This was high-
lighted by nine such patients with coronary artery dis-
ease and no prior myocardial infarction or electrocar-
diographic Q waves who were found to have segmental
wall motion abnormalities.
Two-dimensional echocardiography has been a useful non-
invasive technique for the detection of segmental wall mo-
tion abnormalities in the evaluation of patients with coronary
artery disease. Several studies (1-8) have compared the
diagnostic value of two-dimensional echocardiography with
left ventricular angiography in patients with documented
segmental wall motion abnormalities. Kisslo et al. (4) used
echocardiography in 105 patients to identify correctly the
motion characteristics of 87% of segments visualized. Using
a quantitative approach, Parisi et al. (5) found that patients
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A semiquantitative, two-dimensional echocardio-
graphic segmental wall motion score was derived for 47
patients and was correlated with angiographic left ven-
tricular ejection fraction (r = 0.71). This score differ-
entiated patients with a normal ejection fraction (>50%)
from those with a depressed ejection fraction «50%):
1.1 ± 1.6 versus 6.9 ± 3.1 (p < 0.001). Almost all
patients (92%) with an echocardiographic score of five
or more had an abnormal ejection fraction of less than
50%.
In patients with chronic congestive heart failure, the
echocardiogram separated those with dilated cardio-
myopathy from those with coronary artery disease. Pa-
tients with dilated cardiomyopathy had more diffuse left
and right ventricular wall motion abnormalities, whereas
patients with coronary artery disease usually had seg-
mental abnormalities, most often confined to the left
ventricle.
(J Am Coil CardioI1985;5:911-7)
with definite angiographic wall motion abnormalities, with
a relatively large infarct, could be sensitively (95%) and
specifically (78%) distinguished from patients with a normal
left ventriculogram. In a study by Weyman et al. (6) of 50
consecutive patients undergoing catheterization, echocardi-
ography detected wall motion abnormalities in 71% of those
with significant coronary artery stenoses, and there was a
high degree of concordance with the left ventriculogram.
Persistent wall motion abnormalities have been found in
patients with unstable angina with no past myocardial in-
farction (9). Recently, exercise echocardiography has been
shown to increase the overall sensitivity of echocardiog-
raphy by provoking transient wall motion abnormalities
(10-13).
We believed that the predictive value of two-dimensional
echocardiography in a group of patients with coronary artery
disease warranted further study. We wanted to determine:
1) the ability of the echocardiogram to differentiate patients
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with coronary artery disease from normal subjects and pa-
tients with cardiomyopathy; 2) the influence of a low ejec-
tion fraction or history of congestive heart failure on the
predictive ability of the echocardiogram; 3) a comparison
of the diagnostic utility of the electrocardiogram and echo-
cardiogram; and 4) the utility of the echocardiogram in
predicting either ejection fraction or the number of coronary
vessels stenosed.
Methods
Study population. Sixty patients with coronary artery
disease documented by coronary angiography from Septem-
ber 1981 to August 1983 were studied retrospectively. This
represents a consecutive series of all patients who had both
two-dimensional echocardiograms and contrast angiography
during this period. Five had poor quality echocardiograms
and were excluded from further analysis. The final study
group consisted of 41 men and 14 women with a mean age
of 61 years.
There were 36 patients who had a history or electrocar-
diographic evidence of myocardial infarction. All patients
had two-dimensional echocardiography after the acute stage
of infarction. The remaining 19 patients had no myocardial
infarction on electrocardiogram or by history.
Control groups. Normal subjects. In 1982,59 consec-
utive individuals had normal, previously interpreted two-
dimensional echocardiograms which were adequate for anal-
ysis of segmental wall motion. This group included 26 men
and 33 women with a mean age of 32 years. They had no
obvious structural heart disease by history, physical ex-
amination, chest roentgenogram or electrocardiogram. Seven
of these subjects (all those more than 45 years of age) also
had coronary angiography for evaluation of chest pain. In
all seven, angiography was normal.
Dilated cardiomyopathy. This group consists of 11 pa-
tients with dilated cardiomyopathy or myocarditis admitted
to our hospital from September 1981 to August 1983. All
had clinically severe or moderate congestive heart failure
without history of myocardial infarction, angina or signs of
valvular heart disease. Severe left ventricular dysfunction
was documented in all cases by echocardiography. The mean
age of these patients was 44 years (range 33 to 73). Etiology
in seven was alcoholic, one postpartum and one myocarditis
documented by endocardial biopsy, while two were un-
known. Two of the 11 patients who were older than 45 years
underwent diagnostic catheterization and had normal coro-
nary angiograms.
Echocardiographic technique. We used an ATL MK300
90° angle mechanical sector scanner with a 3.0 MH trans-
ducer. Two-dimensional echocardiograms were routinely
obtained and included the parasternal long-axis view, the
short-axis view at the mitral, papillary muscle and aortic
valve level and apical four and two chamber views. All two-
dimensional echocardiograms were recorded on liz inch video
tape for redisplay and analysis. We divided the wall of the
left ventricle into 11 segments for assessing wall motion as
previously described by others (2,14). Right ventricular wall
motion was analyzed in the apical four chamber and short-
axis views.
We randomly combined the two-dimensional echocar-
diograms of the 55 patients with coronary artery disease,
the 59 normal subjects and the 11 patients with dilated
cardiomyopathy. All 125 echocardiograms were read by one
observer in a blinded fashion, independent of knowledge of
the electrocardiogram, angiography and clinical situation;
in addition, that interpreter did not participate in the previous
clinical interpretation of the echocardiograms. Echocardio-
grams with segmental wall motion abnormality were inter-
preted as coronary artery disease, whereas those with diffuse
biventricular abnormalities were read as cardiomyopathy.
There were 28 (22%) echocardiograms which were difficult
to analyze and which were then evaluated by two additional
observers and a consensus reached on the interpretation. In
virtually all cases the two other observers agreed with the
initial interpretations.
Segmental wall motion score. Segments of left ventri-
cle and right ventricle were described as either hyperkinetic,
normal, hypokinetic, akinetic or dyskinetic. We used a seg-
mental wall motion score similar to that described by Heger
et al. (3), in which hyperkinesia = - 1, normal = 0,
hypokinesia = 1, akinesia = 2 and dyskinesia = 3. Thus,
the sum of scores in a normal case was 0, while in patients
with abnormal wall motion, the sum increased in proportion
to the degree of wall motion abnormality.
Prediction of multivessel disease. We anticipated that
we might be able to predict the coronary vessels involved
through analysis of the number of regions with wall motion
abnormalities. We hoped to predict muItivessel disease by
finding wall motion abnormalities in multiple regions. We
recognized the normal variability of the coronary circulation
but nevertheless we considered the left anterior descending
artery as supplying either the anterior septum, anterior wall,
apex, posterior septum or mid lateral wall. The left circum-
flex artery was considered to supply the lateral base, mid
lateral wall, inferoposterior wall or posterior septum. The
right coronary artery was considered to supply the infero-
posterior wall or posterior septum (I).
Patients were considered to have multiple vessels in-
volved if segments from more than one different distribution
were abnormal, that is, if both the mid anterior wall and
inferior base were abnormal, then at least double vessel
disease was predicted (1).
Coronary angiography and ventriculography. Left
heart catheterization was performed after two-dimensional
echocardiography in all patients. The time period between
echocardiography and catheterization was within 1 week in
24 cases, between 1 and 2 weeks in 13 cases and more than
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*37 of 55 cases of coronary artery disease identified = sensitivity 67%;
t58 of 59 normal cases identified = specificity 99%.
Table 1. Interpretation of 125
Two-Dimensional Echocardiograms
2 weeks in 18 cases. The coronary and ventricular angio-
grams were read by an attending cardiologist without knowl-
edge of the echocardiographic data. Coronary artery lesions
were considered significant if there was a greater than 70%
luminal narrowing. Ventriculography was performed in the
right anterior oblique projection. Ejection fraction was cal-
culated using the area-length method. There were 16 cases
with a single vessel lesion, 17 cases had double vessel
disease and 22 cases had triple vessel disease. Mean ejection
fraction was 57 :t 19% (range 19 to 82).
Statistical analysis. Continuous data are expressed as
mean value :t SD. The chi-square test was used to deter-
mine differences between proportions. The two-tailed t test
was used to determine differences between the mean score
of two samples.
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Figure 1. Sensitivity of two-dimensional echocardiography in pa-
tients with coronary artery disease with and without prior myo-
cardialinfarction. Thefractions abovethe bars indicate thefraction
of patients with coronary artery disease whowere correctly identified.
cardial infarction, segmental wall motion abnormalities were
seen in one.
Influence of angiographic ejection fraction on diag-
nostic sensitivity of two-dimensional echocardiog-
raphy. There were 8 cases in which the ventriculogram
could not be analyzed for technical reasons and these were
excluded; there were 47 cases available for analysis. Two-
dimensional echocardiographic sensitivity was much higher
in the low ejection fraction group than in the normal ejection
fraction group. Seventeen (94%) of 18 patients with ejection
fraction less than 50% were identified by echocardiography
as having coronary artery disease. This is in contrast to the
29 patients with ejection fraction greater than 50% in whom
only 14 (48%) could be so identified. Thus, in coronary
artery disease, as ejection fraction declines, it does so in an
identifiable, segmental way which enhances the diagnostic
ability of two-dimensional echocardiography (Fig. 2).
Influence of history of congestive heart failure on sen-
sitivity of two-dimensional echocardiography. Of the 17
patients with a history of acute or chronic congestive heart
failure due to coronary artery disease, 13 patients (77%)
were correctly diagnosed as having coronary artery disease,
while 3 were analyzed as normal and I patient was diag-
nosed as having dilated cardiomyopathy on the basis of
diffuse biventricular wall motion abnormalities.
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Results
Value of two-dimensional echocardiography in the di-
agnosis of coronary artery disease and dilated cardio-
myopathy (Table 1). Thirty-seven patients with coronary
artery disease at catheterization were correctly identified by
echocardiography by the presence of segmental wall motion
abnormalities, but in 17 a segmental wall motion abnor-
mality was not seen. One patient with coronary artery dis-
ease was mistakenly identified as having dilated cardio-
myopathy because of diffuse involvement of both the left
and right ventricles. So, the overall sensitivity of two-di-
mensional echocardiography in 55 patients with coronary
artery disease was 67%.
In the control group 0/59 normal patients, only I patient
was misidentified as having coronary artery disease with
wall motion abnormality. Of the II patients with dilated
cardiomyopathy, all were correctly identified. Because of
the low incidence of a false positive reading of segmental
wall motion abnormality, specificity was excellent at 99%.
As would be expected, the sensitivity of the echocardio-
gram in patients with coronary artery disease with prior Q
wave or non-Q wave myocardial infarction (81%) was much
higher than in those without myocardial infarction (42%, p
< 0.(01) (Fig. 1). Of the three cases of non-Q wave myo-
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Figure 2. Sensitivityof two-dimensional echocardiography in pa-
tients with coronary artery disease with ejection fraction (EF) less
than 50% and greater than 50%. The fractions above the bars
indicate the number of patients correctly identified with coronary
artery disease.
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Q waves, 9 showed segmental wall motion abnormalities
on the two-dimensional echocardiogram. The sensitivity of
the two-dimensional echocardiogram is slightly higher (67%)
than that of the electrocardiogram, but the difference was
not statistically different. Five patients with Q waves on
electrocardiogram had a normal echocardiogram. All these
latter patients had inferior wall myocardial infarction.
Of the J7 patients with coronary artery disease whose
echocardiograms were interpreted as normal, 7 patients had
inferior wall myocardial infarction on electrocardiogram,
whereas 10 had no evidence of an infarction. When elec-
trocardiogram and two-dimensional echocardiogram were
combined, the sensitivity (76%) was higher than with either
method alone. However, there was still no significant dif-
ference between the combined techniques and either one
alone.
Two-dimensional echocardiographic segmental wall
motion score correlated with variables of increasing left
ventricular dysfunction. The calculated segmental wall
motion score in the patients with coronary artery disease
ranged from - 2 to + 14. We correlated the echocardio-
graphic segmental wall motion score with the calculated
angiographic left ventricular ejection fraction; r value =
0.71 (p < 0.001) (Fig. 3). When the score was five or more,
almost every patient (92%) had a reduced ejection fraction
«50%); only one had a normal ejection fraction.
Those patients with myocardial infarction had a signif-
icantly higher wall motion score than those without myo-
Figure 3. Correlationof two-dimensional echocardiographic seg-
mental wall motion score and angiographic ejection fraction.
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Of the 38 patients with no history of congestive heart
failure, 24 (63%) were correctly diagnosed as having coro-
nary artery disease, while 14 echocardiograms were read as
normal. The sensitivity of the echocardiogram in predicting
coronary artery disease in patients with and without conges-
tive heart failure was not significantly different.
Seven of the J7 patients with congestive heart failure due
to coronary artery disease had no Q waves, while I had
left bundle branch block. In these eight patients with heart
failure without manifest coronary artery disease on the elec-
trocardiogram, the echocardiogram correctly diagnosed
coronary artery disease in six (75%).
Comparative value of two-dimensional echocardiog-
raphy and electrocardiography in diagnosis of coronary
artery disease. We analyzed electrocardiograms in 54 of
the 55 patients with angiographically proved coronary artery
disease. One patient who had left bundle branch block was
excluded from this analysis. Q waves were considered ab-
normal according to Minnesota code criteria (15). We found
32 patients with Q waves on the electrocardiogram and 22
without Q waves, so the sensitivity of the electrocardiogram
at rest for the diagnosis of coronary artery disease by Q
wave criteria was 58%.
Of the 22 patients with coronary artery disease but no
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cardial infarction: 4.6 ± 4.0 versus 1.6 ± 2.4 (p < 0.01).
Patients with coronary artery disease with congestive heart
failure had a higher calculated score than those without
history of heart failure: 4.8 ± 3.7 versus 3.0 ± 3.8, but
this was not significantly different.
There were 9 cases ofcoronary artery disease with chronic
congestive heart failure and II cases of dilated cardio-
myopathy. Because of the diffuse, severe hypokinesia of
dilated cardiomyopathy, the wall motion score was signif-
icantly higher in these patients than in patients with coronary
artery disease with comparable chronic congestive heart fail-
ure (wall motion score = 14.3 ± 3.5 versus 4.7 ± 3.9)
(p < 0.001). Echocardiograms of patients with coronary
artery disease with heart failure usually demonstrated that
at least the basilar segments contracted well, and two pa-
tients had compensatory hyperkinetic segments, both factors
yielding lower scores.
In the patients with congestive heart failure due to car-
diomyopathy, we found poor right ventricular wall motion
in 100%, as compared with patients with heart failure due
to coronary artery disease, only 22% of whom had poor
right ventricular wall motion. There was no significant dif-
ference between M-mode left ventricular end-diastolic di-
mension in the coronary artery disease and the cardio-
myopathy groups.
Extent of coronary artery disease at angiography
compared with the segmental wall motion score and
number of left ventricular regions involved. The number
of vessels with significant lesions could not be predicted by
segmental wall motion score in this study, and there were
no significant differences between calculated scores of pa-
tients with single, double or triple vessel disease. Most cases
had a single region of wall motion abnormality in both single
vessel and multivessel groups (91 and 88%, respectively).
Discussion
Diagnostic value of two-dimensional echocardiog-
raphy in coronary artery disease. Two-dimensional echo-
cardiography is often performed on patients with chest pain
syndromes and congestive heart failure. In these patients,
the diagnosis of coronary heart disease is frequently ob-
vious, either because they have diagnostic Q waves on the
electrocardiogram at rest or because of a typical history of
angina pectoris. However, it is not unusual for the diagnosis
to be obscure, for example, in patients with atypical angina
or in patients with congestive heart failure without Qwaves.
Also, in some patients with known coronary artery disease,
full appreciation of the extent of prior damage is hampered
by the absence or disappearance of Q waves after myocardial
infarction or by left bundle branch block.
This study was designed to determine whether a two-
dimensional echocardiogram could add diagnostic infor-
mation in these patients, especially in the group with covert
coronary artery disease. Twenty-two of our 55 patients with
catheterization-documented coronary artery disease had no
Q waves on electrocardiogram. The echocardiogram was
abnormal in nine of these patients, showing segmental wall
motion abnormalities. Eight of these nine patients had no
history of myocardial infarction, while one had a prior non-
Q wave myocardial infarction.
On occasion, patients with coronary artery disease may
present in congestive heart failure without significant Q
waves. These patients might initially be thought to have
cardiomyopathy; however, echocardiographic evaluation
showing segmental wall motion abnormalities might prop-
erly lead to a diagnosis of ischemic cardiomyopathy or isch-
emic transient pulmonary edema. In this study, of the eight
patients with heart failure and no Q waves, the echocardio-
gram showed segmental wall motion abnormalities sug-
gesting coronary artery disease in six (75%). Thus, the
detection of segmental wall motion abnormalities on the
echocardiogram can frequently enable the clinician to di-
agnose coronary artery disease in the absence of detectable
Q waves and to demonstrate prior segmental damage when
none was suspected.
Wall motion abnormalities in the absence of Q
waves. The presence of wall motion abnormalities in the
absence of Q waves on electrocardiogram can have several
possible explanations. 1) It is possible that an asymptomatic
myocardial infarction occurred with significant loss of func-
tion and myocardial necrosis in an electrically silent area
of the heart yielding no Q waves. 2) After myocardial in-
farction, Q waves may disappear in 30% of patients who
initially suffer transmural myocardial infarction (16).3) The
electrical forces of myocardial infarctions on opposite walls
of the heart may cancel each other out (17). 4) It is possible
that the segmental wall motion abnormalities detected rep-
resent stunned but not infarcted myocardium (9,18-21).
In this study, inferior wall damage was more difficult to
detect on echocardiography. Seven patients with inferior
infarction patterns on electrocardiography (five with abnor-
mal wall motion on ventriculography) had a normal two-
dimensional echocardiogram. The inferior wall is difficult
to visualize on two-dimensional studies, but with more at-
tention to technique in obtaining apical two chamber views
in the later portion of the study period, we had more success
visualizing inferior wall motion abnormalities.
Limitation of study. The sensitivity of two-dimensional
echocardiography will vary depending on the clinical char-
acteristics of the patients with coronary artery disease stud-
ied. Because all of the patients with coronary artery disease
in this study were deemed by their physicians to be ill
enough to require angiography, they form a selected group
that might be expected to have a high proportion of wall
motion abnormalities. Thus, the sensitivity of two-dimen-
sional echocardiography might be lower in a less sympto-
matic group.
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We included a control group of 59 normal subjects in
this study, whose echocardiograms were read blindly along
with those of the patients with coronary artery disease and
cardiomyopathy. Only one of the echocardiograms from the
59 normal patients was interpreted as showing coronary
artery disease because of a segmental wall motion abnor-
mality. Because these echocardiograms had been previously
interpreted as normal in this study, we could not assess what
the overall specificity would be in a group of unselected
normal subjects. Pandian et al. (22), using quantitative tech-
niques, have reported heterogeneity in segmental motion in
normal subjects. However, the sensitivity of the quantitative
techniques used in that study may partly account for the
results.
Ischemic cardiomyopathy versus dilated cardiomyop-
athy. The differentiation of ischemic cardiomyopathy
from idiopathic dilated cardiomyopathy is a common clin-
ical dilemma. We were interested to discover that as left
ventricular dysfunction progresses in patients with coronary
artery disease, it does so in a highly identifiable way on the
two-dimensional echocardiogram because of the segmental
nature of the disease. Thus, the sensitivity was significantly
higher in our low ejection fraction group (94%) than in the
normal ejection fraction group (48%). In the patients with
coronary artery disease with congestive heart failure, there
were usually one or two remaining segments left with more
normal function. In contrast, in patients with cardio-
myopathy, the echocardiogram showed extremely diffuse
wall motion abnormalities which also included marked right
ventricular dysfunction. This enabled us to differentiate di-
lated cardiomyopathy from ischemic cardiomyopathy in a
reliable and specific way. Identification of coronary heart
disease through detection of segmental involvement on the
two-dimensional echocardiogram could aid in decisions re-
garding need for catheterization, especially in the patient
with no history of chest pain and no Q waves on the
electrocardiogram.
The diagnostic value of the two-dimensional echocar-
diagram has certain limitations. Chandraratna et al. (23)
reported two patients with acute myocarditis in whom the
two-dimensional echocardiogram demonstrated regional wall
motion abnormalities, which would falsely suggest the di-
agnosis of coronary artery disease. Also, patients with car-
diomyopathy and left bundle branch block with especially
abnormal septal wall motion can be easily misdiagnosed as
having coronary artery disease. On the other hand, as oc-
curred once in this study, a patient with ischemic congestive
heart failure could show symmetrical, diffuse left and right
ventricular hypokinesia and thus be confused with one with
cardiomyopathy. However, as shown in this study, these
patients are the exceptions and not the rule.
Relation between segmental wall motion score and
angiographic ejection fraction. Recent studies (24,25) have
repeatedly shown a striking relation between left ventricular
ejection fraction and subsequent cardiac mortality. In many
patients, a low left ventricular ejection fraction is the most
potent predictor for coronary death. These studies have been
performed using either the radionuclide or cineangiographic
ejection fraction. Multiple formulas have been developed
for use with two-dimensional echocardiography for deter-
mining left ventricular ejection fraction (26-29). In this
study, we used an easily calculated wall motion score which
correlated well with an abnormal left ventricular ejection
fraction on angiography. Patients with an ejection fraction
less than 50% had a mean segmental wall motion score of
6.9, whereas those with an ejection fraction greater than
50% had a segmental wall motion score of only 1.1. When
the segmental wall motion score was five or more, 92% had
a reduced ejection fraction «50%). The segmental wall
motion score is easier to calculate than ejection fraction and
can be performed when planimetry or computer equipment
is not available. We would expect that a high calculated
echocardiographic score would also predict quite accurately
subsequent mortality.
Inability of the two-dimensional echocardiogram at
rest to predict multivesseldisease in stable, chronic coro-
nary artery disease. There are several studies (1-3,30,31)
reporting the diagnostic value of two-dimensional echo-
cardiography in acute myocardial infarction. Comparisons
with our group of patients with stable coronary artery disease
are of interest. In patients with acute myocardial infarction,
the observation of wall motion abnormalities in another
region of the heart, distinct from the area involved in the
infarction, predicts multivessel disease (I). During the acute
infarction, other areas of the left ventricle, noninfarcted but
ischemic, demonstrate transient wall motion abnormalities.
The acute infarction state is likely to be a profound prov-
ocation to remote ischemia.
In our patients with a long-term, compensated state, these
factors causing remote ischemia are not operative, and so
those regions supplied by a narrowed vessel may not be
ischemic at rest. Not all angiographically demonstrated se-
vere coronary stenoses will produce wall motion abnor-
malities. We were then not surprised that we were unable
to predict multivessel disease by the resting two-dimensional
echocardiogram even using a semiquantitative wall motion
score. Indeed, 8 of our 22 patients with triple vessel disease
showed a normal echocardiogram.
Conclusion. The two-dimensional echocardiogram is a
useful and complementary method for predicting the pres-
ence of coronary artery disease in patients with chest pain
syndromes and congestive heart failure. The segmental wall
motion score correlates with left ventricular ejection frac-
tion. In patients with stable coronary artery disease, it cannot
predict the extent of vessels involved. In patients with
congestive heart failure, the two-dimensional echocardio-
gram can usually differentiate ischemic cardiomyopathy from
dilated cardiomyopathy.
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